This paper presents a simple methodology to estimate the elasticity of substitution between labor and capital for¯rms operating in perfectly competitive markets with CRS production functions. It is applied in a cross-country sample to 28 3-digit ISIC manufacturing industries.
and a comparison with alternative methodologies. Section 3 discusses brie°y the data. Section 4 reports the results and compares them with other results in the literature.
Methodology
Consider a CRS production function with constant elasticity of substitution between two factors of production labor L and capital K
where X ic refers to real value-added of good i in country c; L ic and K ic represent labor and capital inputs in sector i and ½ i · 1: Note that we are allowing for a and b to di®er across countries. As discussed bellow, this feature will make our estimation of a common ¾ i across countries relevant even in the presence of cross-country hicks-neutral technology di®erences. Thē rst order conditions of the maximization process of each¯rm that take factor prices as given are
Combining (2) and (3) we get for each industry i in country c the following relationship between factor prices -w=r and factor usage -K=L.
The elasticity of substitution between labor and capital is given by ¾ i = 1=(1 ¡ ½ i ). Equation (4) reveals the traditional movement along a production isoquant of changes in relative factor
prices. An increase in the relative cost of labor makes the¯rm use relatively more capital than before, at any scale of production. The size of the elasticity of substitution measures the ease of substitution along the isoquant, and have implications on the factor shares in value-added. Equation (4) provides the basis for the empirical estimation developed in section 4. I estimate for each 3-digit ISIC manufacturing industry the relationship in (4) for a cross-section sample of more than 30 countries.
The assumption of a common coe±cient for ln L ic =K ic implies that the elasticity of substitution is the same across countries. However, a common ¾ is compatible with technology di®erences revealed through di®erences in a and b. An estimation based on a single intercept within each industry implies that a=b is similar across countries, meaning that (potential) technology di®erences are hicks neutral. This can be seen by dividing (2) and (3) to get
Di®erences in a and b that keep the ratio constant imply no change in the optimal K=L for any given relative factor prices. This is exactly what hicks-neutral technology di®erences imply. As discussed in section 4, the lack of a panel data structure mandates the estimation with a common cross-country intercept for each industry. This is only consistent with hicks-neutral technological
di®erences.
An alternative approach to estimate elasticities of substitution is developed by Behrman (1981) and others 2 . Starting from a CES production function like the one in equation (1) we can derive the following expression for the¯rst-order condition of maximizing¯rms (under constant returns to scale) 3 ln X ic =L ic = ® + ¾ ln W ic
with ® = ¡¾ ln a. This approach has been widely used, even for estimation of aggregate measures of elasticity of substitution between labor and capital (see Harmermesh (1993) ). Econometric estimations of equation (6) provide direct measures of the elasticity of substitution. A complete estimation of equation (6) requires a panel structure of the data in order to allow for di®erent intercepts that are consistent cross-country technology di®erences. Behrman avoids that problem by estimating a pooled regression for several countries and 27 3-digit ISIC manufacturing industries using average values for value-added, employment and wages between 1967 and 1973 and including industry and country dummies that allow him to di®erentiate the elasticity of substitution across di®erent units of analysis. The great advantage of his method is that no data on capital stock and return on capital are required. Indeed, the United Nations database that he uses does not provide data to estimate capital stocks. This allows him to work with a sample of countries broader than the one used here (about 70 countries). The great disadvantage is that he lacks degrees of freedom to allow for cross-country di®erences in the elasticity of substitution and technology level. This problem is not relevant in an estimation based on equation (4) 3 Data
The data is obtained from UNIDO Statistical Database for 180 countries between 1963 and 1996, containing series on employment, value-added, wages and salaries, output and gross¯xed capital formation for 28 3-digit industry. The series of real capital stock can be estimated using the capital formation series, an estimation of depreciation rates and adequate investment de°ators. 4 Due to data restrictions, I perform the empirical analysis in 1990 because it is year for which the set of countries with capital stock in maximized across industries. Tables 2, 3 and 4 report data on employment, nominal value-added and nominal payment of wages and salaries for the set of countries considered. These data allow us to calculate measures of L=K for each country/industry and estimations of wage-rental rate ratios. The wage rate considered is the average yearly wage of workers (Table 3/ Table 2 ) and the rental rate is computed as value-added minus labor payments divided by the capital stock (Table   4 -Table 3/Table 1 ). Table 5 reports the results of regressions of equation (4) for each industry. (½ i ¡ 1) represents the coe±cient on ln L=K, n represents the number of countries included in the regression and of table 5 suggests. Table 6 presents a comparison of the estimates of ¾ reported in table 5 with those obtained by Behrman (1982) . The¯rst column in Table 6 replicates column 5 in Table 5 . As already discussed, in most cases ¾ > 1 and the null hypothesis of Cobb-Douglas production functions is in general rejected. Column 2 presents the estimates of Behrman using pooled data for 70 countries.
Results
These coe±cients come from an estimation of equation (6) Hamermesh (1993) summarizes several studies aimed to estimate the elasticity of substitution between labor and capital at high levels of aggregation -entire manufacturing sector or the whole economy. The most common approach is the one summarized in equation (6). The results are mixed, with ¾ ranging from 6.86 to 0.21 depending on the speci¯cation used. According to the author, direct estimation of ¾ is not a very promising route. His argument is that we know very little about the e®ect of changes in the return to work on variations in labor supply over the relatively short periods of time used. This criticism, that also a®ects the approach based on equation (4) seems valid for estimations of the elasticity of substitution based on aggregate production functions, as interactions of factor demands and factor supplies are required to identify the coe±cients. However, for industry-speci¯c estimates the criticism is weaker as we can argue that the e®ective factor supply for each sector is completely elastic at the factor price level. 
